In this paper, the behavioral equilibrium exchange rate (BEER) model used in a time-series setting is 
Introduction
Estimating the degree of exchange rate misalignment is one of the most important issues in open-economy macroeconomics. The behavioral equilibrium exchange rate (BEER) model is one of the models broadly used for this purpose, for instance by Baffes et al. (1997) and by Clark and MacDonald (1998) . In recent years, the BEER model has been again used to calculate the equilibrium value of the Chinese currency, the renminbi (RMB); see Zhang (2001) , Funke and Rahn (2005) , Goh and Kim (2006) , and Wang et al. (2007) . In light of the ongoing debate over global current account imbalances and the important role of China in this regard, the studies assessing the valuation of the RMB are certainly relevant. However, the BEER model itself, including its RMB valuation results, needs to be studied at the same time. This has not previously been done. In an approach markedly different from the authors who use the BEER model to calculate the RMB's equilibrium exchange rate, the model itself, via its application to RMB valuation, is studied in this paper. This research is judged to be useful for both the development of exchange rate economics and for understanding the equilibrium value of Chinese RMB.
The remainder of the paper is structured as follows. Section 2 describes the BEER model, classifies its features, and gives two definitions of it. Section 3 lists the concrete econometric components used in some BEER models and their (different) results, which serves as a base for the subsequent analysis in Sections 4 through 6. Section 4 uses a simulation to analyze how the different econometric component choices influence the estimated results. Whether and why the results derived from the BEER models are consistent with Chinese economic facts is analyzed in 1 E-mail addresses: zhibai.zhang@gmail.com(primary), zzhang5678@163.com This paper was finished in January 2010. And it should be supplemented by my other relevant papers.
Section 5. The four main faults unavoidable under the BEER model are listed and analyzed in Section 6. Section 7 concludes the study. 
The BEER model: Description and definitions

Description
The term behavioral equilibrium exchange rate comes from Clark and MacDonald (1998, p.4) , who compare the BEER model with the fundamental equilibrium exchange rate (FEER) model. They specify, "Thus it is useful to compare the FEER approach with one that involves the direct econometric analysis of the behavior of the real effective exchange rate, which can be called the BEER (Behavioral Equilibrium Exchange Rate) approach" (p.4).
According to Clark and MacDonald (1998, p.10) , the actual, observed real effective exchange rate, q, is explained in terms of a set of fundamental variables, Z 1 and Z 2 , a set of variables that affect the exchange rate only in the short run, T, and a random error ε . (1)
In equation (1), Z 1 is a vector of economic fundamentals that are expected to have persistent effects over the long run, Z 2 is a vector of economic fundamentals that affect the exchange rate over the medium term, 1 β and 2 β are vectors of reduced coefficients, T is a vector of transitory factors affecting the exchange rate in the short run, τ is a vector of reduced-form coefficients, and ε is a random disturbance term. Based on equation (1), the current misalignment, cm t , and the total misalignment, tm t , are defined; see equations (2) and (3). In equation (2), the current misalignment, cm t , is the difference between the actual real exchange rate and the equilibrium real exchange rate given by the current values of all the economic fundamentals. In equation (3), the total misalignment, tm t , is the difference between the actual real exchange rate and the equilibrium real exchange rate given by the long-run values of the economic fundamentals, which are denoted by t Z1 and t Z 2 . The long-run values, which are also named as sustainable or permanent values, can be obtained by using a filter procedure, such as the Hodrick-Prescott filter. It can be seen that the total misalignment includes two components: the first component is simply the current misalignment given by equation (2), and the other component shows the effect of departures of the current values of economic fundamentals from 2 At the end of this introduction, several points are worth noting. First, though the BEER model can be (and has also been) used in a panel data setting, what we discuss in this paper is the model as used in a time-series setting, because most applied BEER models in the field of the RMB valuation are of this sort. Second, the characteristics of the model in a time-series setting are more obvious than those in a panel data setting. Third, it will be an easy matter to assess the model in a panel data setting after the time-series setting is discussed. 3 In applied works, q t can be other forms of the real exchange rate and may not be a real effective exchange rate, and the difference between Z 1 and Z 2 is also shown to be unclear. the long-run values. It can also be seen that the difference between the current misalignment and the total misalignment is whether the used values of the economic fundamentals are current values or long-run values.
A classical definition
In a relevant and further study, Clark and MacDonald (2004) call the model that uses equation (2) to calculate a currency's misalignment the "BEER model", and call the model that uses equation (3) to calculate a currency's misalignment the "permanent equilibrium exchange rate (PEER) model." But the use of the two names is not consistent among economists. For example, Funke and Rahn (2005) indeed use the same names as Clark and MacDonald (2004) , but Wang et al. (2007) do not. Wang et al. (2007) use equation (3) (and the Hodrick-Prescott filtered values of economic fundamentals) to calculate the RMB's valuation, but they still call their model the BEER model; if using the definitions by Clark and MacDonald (2004) , the model used in Wang et al. (2007) should be termed the PEER model. As the only obvious difference between the BEER and PEER models named by Clark and MacDonald (2004) is the use of either current or long-run values of economic fundamentals, in this study we classify them together under the term BEER model. On the other hand, though the BEER model is often used to calculate equilibrium real exchange rate MacDonald, 1998, 2004; Zhang, 2001; Goh and Kim, 2006; Wang et al., 2007) , it indeed has been also used to calculate equilibrium nominal exchange rate (Funke and Rahn, 2005) . So the forms of exchange rate in the model should include both real and nominal rates.
Combing the classical works of MacDonald (1998, 2004) , Funke and Rahn (2005) , and Wang et al. (2007) , we give the BEER model, including the so-called PEER model, a formal definition. The BEER model uses a set of economic fundamentals to calculate equilibrium real or nominal exchange rate, using a single equation, unit root, and cointegration analysis method. Its implementation includes three stages: first, choosing a form of exchange rate and a set of economic fundamentals based on relevant economic theory or empirical study; second, performing unit root and cointegration tests for the variables; third, if a cointegration relationship between the exchange rate and its economic fundamentals exists, then the equilibrium exchange rate can be derived from the cointegration equation. It can be seen easily that, under this definition, the PEER models named and used by Clark and MacDonald (2004) and Funke and Rahn (2005) would all be classified as BEER models. That is, the BEER model can be used to calculate either equilibrium real or nominal exchange rate, and either the actual or filtered values of economic fundamentals can be used. Under this definition, the model used by Baffes et al. (1997) is classified as a BEER model, though they (see p.1) call their model a "single-equation approach" or a "single-equation econometric model." Clark and MacDonald (1998, p.9 , the last footnote) and Zhang (2001, p.85) all indeed take the model used by Baffes et al. (1997) as the BEER model. Similarly, the Edwards-type model used by Goh and Kim (2006) can also be classified as the BEER model, though they do not give it a concrete name.
The cointegration analysis is an essential part of the BEER model as defined above, because the equilibrium exchange rate is derived from the cointegration equation between the actual (real or nominal) exchange rate and its economic fundamentals. An issue arises, then. If a cointegration analysis method is not used, as Wang (2004) , or if both the exchange rate and its economic fundamentals are stationary, which implies that a cointegration analysis cannot be applied, how can we calculate the equilibrium exchange rate? In fact, in these cases, the BEER model as defined above can no longer be applied. But the model used by Wang (2004) resembles the BEER model used by MacDonald (1998, 2004) and by Zhang (2001) in all points except for whether a nonstationary or stationary time-series method is used. So we generalize the classical definition given above to include the model used by Wang (2004) . In order to differentiate, we term the above-defined model the classical BEER model, and its generalization, which will be discussed below, the generalized BEER model.
A generalized definition
The generalized BEER model is the model that uses a set of economic fundamentals to calculate equilibrium (real or nominal) exchange rate, in which a single-equation, time-series method is used. This definition is still consistent with what is described by Clark and MacDonald (1998) when they state that "the BEER denotes a modeling strategy that attempts to explain the actual behavior of the exchange rate in terms of relevant economic variables" (p.5). They conclude, "To the extent that this particular BEER can explain movements in the actual real effective exchange rate, q, the latter can be said to be in equilibrium in a behavioral sense, i.e., it reflects the economic fundamentals that have found to be related to q in a well-defined statistical sense. The economic fundamentals can be viewed as the factors determining the exchange rate, and the economic behavior generating the observed outcome is consistent with the theory underpinning the model. The systematic relationship between q and its economic fundamentals is the basic equilibrium concept underlying the notion of the BEER" (p.33).
The characteristics of the classical and generalized BEER models are listed in Table 1 . From Table 1 , we can see that there is only one difference between them, the econometric method. The other four characteristics-explained variable, explanatory variable, data, and direct theoretic basis-are held in common. Goh and Kim (2006) , and Wang et al. (2007) use the BEER model to calculate bilateral or multilateral real exchange rate; Funke and Rahn (2005) Funke and Rahn (2005) use the productivity levels and net foreign asset position; while Goh and Kim (2006) use government expenditure, the rate of gross fixed capital formation to GDP, capital controls, trade policy, technological progress, and macroeconomic policies.
3. The generalized BEER model uses a single-equation time-series method; a unit root and cointegration analysis, which is an essential component in the classical BEER model, is no longer essential. In the generalized BEER model, any single-equation time-series method, such as an ordinary linear least squares regression, can be used as an alternative choice for a unit root and cointegration analysis. The difference is that when a unit root and cointegration analysis is used, the equilibrium exchange rate is derived from the cointegration relationship; but when another single-equation time-series analysis is used, the equilibrium exchange rate is derived from the corresponding fitted regression equation, which may not be a cointegration one. The generalized dimension allows us to calculate equilibrium exchange rate even when a cointegration relationship does not exist, or when a unit root and cointegration method is not used. Under this dimension, the so-called "extended relative PPP approach" in Wang (2004, p.23-24) and the "(single-country) extended PPP approach" in Dunaway et al. (2006, p.5-6) can both be classified as BEER models, even though they do not consider whether the variables are stationary and cointegrating.
4. Because the single-equation time-series method only uses one single country's data, the equilibrium exchange rate is derived from the country itself. That is, in the (classical or generalized) BEER model, the equilibrium exchange rate, which is derived from the cointegration equation or other fitted regression equation, is decided by the comparison of one country's economic state at some time with that at some other time. The behavior sense implied in the model also stands out from this analysis dimension. The BEER model does not consider other countries at all, so it is very different from the cross-section data model that is used by Frankel (2005) and Chang and Shao (2004) (see Section 7). The cross-section data model used by these authors uses many countries' data and compares the difference between them. So, in appraising a person, the BEER model asks, "After some years, has the person gotten better or worse?" while the cross-section data model asks, "Compared with others, is the person better or worse?" 5. Clark and MacDonald (1998, p.34) say, "More specifically, the BEER approach does not directly involve considerations of internal and external balance, which are identified in the FEER approach as sustainable positions of macroeconomic equilibrium." Égert et al. (2006, p.281) say, "The BEER approach of Clark and MacDonald is not based on any specific exchange rate model." We agree with these authors that there is no direct exchange rate theory for the BEER model. But we cannot say that there is no theoretical basis for the BEER model at all: when choosing the economic fundamentals, the BEER model indeed needs some guidance from relevant economic theories or empirical studies. The Balassa-Samuelson effect, the internal and external balance theory, and other relevant empirical studies are often used in the process of choosing economic fundamentals. The essential thing is that after entering the econometric analysis process, all relationship between economic fundamentals and their economic theory or empirical study basis is ended, or broken. The equilibrium exchange rate in the BEER model is directly given and decided by the econometric analysis rather than by an economic theory. 4 It is therefore concluded that the BEER model has no direct theoretical basis beyond the indirect theoretical basis for the selection of its economic fundamentals.
Different econometric components and results in different studies
In this section, we list some econometric components used in, and results derived by, the BEER models in a number of major studies, to serve as a basis for the analysis in the following sections. Since most journal articles (Zhang, 2001; Funke and Rahn, 2005; Goh and Kim, 2006; Wang et al., 2007) use the classical BEER model to assess the valuation of the RMB, we use this model in our illustrations. The generalized BEER model used by Wang (2004) is also discussed when necessary.
The different econometric components used in different studies
When using a classical BEER model, three econometric components must be chosen: explanatory variables (economic fundamentals), observations (time periods), and parameter estimation methods. In applied works, the choices for these econometric components are shown to be very different.
First let us examine the choice of explanatory variables (economic fundamentals). Zhang (2001) uses four: investment, government consumption, terms of trade, and degree of openness. Funke and Rahn (2005) use two: productivity levels and net foreign asset position. Goh and Kim (2006) use six: government expenditure, the rate of gross fixed capital formation to GDP, capital controls, trade policy, technological progress, and macroeconomic policies. Finally, Wang et al. (2007) use four: terms of trade, relative price of non-tradable to tradable goods, foreign exchange reserve, and money supply.
Second is the observations or time periods: Zhang (2001) uses the annual data from 1952 to 1997; Goh and Kim (2006) 
The different results derived from different studies
Because of the different econometric component choices in different studies, we can see that the results derived are also different. The econometric components used and the RMB misalignments derived by four different (classical) BEER models are listed in Table 2 . Table 2 The econometric components used in, and the RMB misalignments derived from, different studies Zhang (2001) Funke and Rahn (2005 figure 6 ). The listed RMB misalignments are empirically derived from the relevant studies by the author of the current study.
In Table 2 , as Zhang (2001) does not give concrete percentages for the RMB real exchange rate misalignment, we roughly calculate it by using the difference between the actual real exchange rate and its equilibrium value in log form on the basis of his result (figure 1 on p.90). For the others (Funke and Rahn, 2005; Goh and Kim, 2006; Wang et al., 2007) , who give concrete percentages for the RMB real exchange rate misalignment, the misalignment and its range can be obtained from relevant figures in the studies. Since the real exchange rates are defined differently in different studies, the positive percentages of RMB misalignment obtained from these studies may represent either over-or undervaluation.
From Table 2 we can see that the results are very different in the four cases. The difference is manifested in two aspects. One is the variation in basic observations of these studies. For example, Zhang (2001) , Goh and Kim (2006) , and Wang et al. (2007) conclude that the RMB was undervalued, near equilibrium valued, and overvalued, respectively, in 1984. The economists also give different results in 1989. The other is the range of misalignment during the period from 1978 to 2002. Zhang (2001) concludes that the greatest over-and undervaluation of the RMB (in absolute value) is about 400% (in 1996) and 200% (in 1994) , respectively. The RMB's misalignment is concluded to be between -10% and 5%, between -30% and 10%, and between -5% and 3% by Funke and Rahn (2005) , Goh and Kim (2006) , and Wang et al. (2007) , respectively.
Given such different results, questions naturally arise. Why do the results differ? Is it due to the variation in choices of econometric components? The answer to the second question is "yes." That is, the different results come from the different econometric component choices of the respective authors, including the explanatory variables (economic fundamentals), observations, and cointegrating parameter estimation methods. This issue will be analyzed in the following section.
How does choice of econometric components influence the result?
In this section, the influence of different econometric component choices on BEER model results is simulated, by applying the model to the valuation of the RMB. Dunaway et al. (2006) studied the issue of how the econometric choices influence the equilibrium real exchange rate estimates. But for the BEER model, which they term the (single-country) extended PPP approach, they only analyze the sensitivity of the equilibrium real exchange rate estimates to changes in the explanatory variables, and do not analyze the sensitivity of estimate results to changes in the time periods and parameter estimation methods. In this paper we will analyze the sensitivity of the equilibrium real exchange rate estimates to changes in the explanatory variables and in the time periods and parameter estimation methods. In addition, Dunaway et al. (2006) used an out-of-sample forecast to calculate the equilibrium real exchange rate, but we use an in-sample forecast to calculate the equilibrium real exchange rate because most other authors (Zhang, 2001; Wang, 2004; Funke and Rahn, 2005; Goh and Kim, 2006; Wang et al., 2007) use this sort of forecast. Consistent with most authors (Zhang, 2001; Funke and Rahn, 2005; Goh and Kim, 2006; Wang et al., 2007) , we simulate the classical model. The conclusions obtained from the classical model can be easily generalized to the generalized model.
The simulation method
Since each of the econometric components (explanatory variables, observations, and parameter estimation methods) can influence the results of the BEER model, each is investigated separately. When investigating one econometric component's influence, the other two are left unchanged. For example, when investigating the influence of explanatory variables, the RMB's valuation is calculated using three, four, and five explanatory variables, whereas the observations and parameter estimation methods are unchanged during the process.
Following the method of the classical BEER models, such as Zhang (2001) and Goh and Kim (2006) , the variable space is formulated as:
In Equation (4), LN represents the natural logarithms of the variables. RER is the bilateral China-US real exchange rate. GDPP is real GDP per capital and can be viewed as a proxy for productivity or technological progress. FINVEST is investment represented by gross fixed capital formation, which determines the domestic supply capacity. GCON is government consumption, which captures the effect of fiscal policy. OPEN is degree of openness measured as the ratio of the sum of imports plus exports to GDP and is included to capture the effect of commercial policy.
TOT is terms of trade measured as the ratio of Chinese exports to American imports in the U.S. dollar, which is used to represent changes in the international economic environment. 5 A dummy variable will be used in the following econometric analysis, if necessary. The data for Chinese real exchange rate, real GDP per capital, and degree of openness are taken from the Penn World Tables (PWT) , Version 6.2. The real exchange rate uses the price level of gross domestic product, P, defined as the PPP over GDP divided by the nominal exchange rate times 100. Thus, an increase in the real exchange rate implies appreciation of the RMB. As an illustration, we only calculate the RMB's total misalignment, in which the Hodrick-Prescott filter is used. The degree of the total misalignment is measured by the equation "(actual real exchange rate -equilibrium real exchange rate) / equilibrium real exchange rate" that is also used by Frankel (2005) . According to the real exchange rate defined above, a value of misalignment less than 0 implies that the RMB is undervalued, whereas a value of misalignment greater than 0 implies that the RMB is overvalued. For example, misalignment=-0.06 means that the RMB is undervalued by 6%, and misalignment=0.08 means that the RMB is overvalued by 8%.
This empirical investigation uses the annual data from 1952 to 2004. The time-series properties of the variables are initially uncovered by the Phillips-Perron unit root tests, which show that each variable is I (1) in each case. The Johansen cointegration test suggests that there are cointegrating vectors among these variables in each case. So the RMB's valuation can be derived in each case. All the econometric proofs in this study are carried out using the Eviews 6.0 software. Some of the typical econometric proofs are provided in the Appendix.
The influence is simulated
The simulation results of the influence of econometric component choices are listed in Table 3 . While investigating the influence of observations, two time periods were used, 1962-2004 and 1952-1994 . So the common period is 1962-1994, the results of which are listed, though the time period in the cases of influence of both explanatory variables and parameter estimation methods is 1952-2004. 1952-2004 1952-2004 1952-2004 1962-2004 1952-1994 1952-2004 1952-2004 1952-2004 1952-2004 1952-2004 1962-2004 1952-1994 1952-2004 1952-2004 It can be seen that the influence of (explanatory) variables on the RMB misalignments is great, especially in Cases 1 and 3 and especially from 1987 to 1994. In 1994, for example, the RMB was undervalued by 52.3% in Case 1; undervalued by 39.3% in Case 2; and undervalued by 27.8% in Case 3. The influence of observations is also great. In the 23 years among the total 33 years listed, the RMB misalignments derived from Case 4 are greater or smaller by 10% than those derived from Case 5. In 1962, for example, the RMB was overvalued by 27.7% in Case 4; however, it was overvalued by only 2.6% in Case 5. Similar to the influence of observations, the influence of estimation methods is also great. In 26 years among the total 33 years listed, the RMB misalignments derived from Case 6 are greater or smaller by 10% than those derived from Case 7, and in 14 years the RMB is overvalued (undervalued) according to Case 6 but is undervalued (overvalued) according to Case 7.
If two or three choices among the variables, observations, and parameter estimation methods are different, then great differences can also be expected, such as the RMB misalignments derived from Cases 3 and 7: Case 3 uses five variables and the Johansen (cointegrating) parameter estimation, while Case 7 uses four variables and the Engle-Granger parameter estimation. In 24 years among the total 33 years listed, the RMB's misalignments derived from Case 3 are greater or smaller by 10% than those derived from Case 7.
Therefore, it can be concluded that, at least for China, the result of the BEER model is greatly influenced by the econometric component choice, namely the variables, observations, and parameter estimation methods. 6 If one, two, or three of the choices are different, different results can be expected. The simulation of the application of the BEER model for calculating RMB misalignment can explain why economists obtain different results as shown in Table 2 . In Table 2 , the ranges of misalignment derived by Funke and Rahn (2005) and by Wang et al. (2007) are close because their parameter estimation methods are the same, and the observations are also close. Goh and Kim (2006) differ from the other three in parameter estimation method, which is a main cause of the difference between their results and those of the others. Zhang (2001) uses a long period from 1952 to 1997, when the Chinese economic structure and exchange rate regime were both greatly changed, which is a main cause of the difference between his result and those of the others.
Is the derived result consistent with economic fact?
Given such varied results by economists in Section 3 and by ourselves in Section 4, a relevant question naturally arises: are the results derived from the various BEER models consistent with economic facts? If a result cannot explain the economic fact reasonably, then it will be of little use for economic and policy analysis and the goal of using the BEER model to assess a currency's valuation cannot be realized.
Chinese economic facts
In order to analyze if the RMB misalignment derived from the BEER model is consistent with Chinese economic fact, the history of the RMB exchange rate must be known. We only give a simple description of the change in the Chinese exchange rate level here. For other similar descriptions, please see Frankel (2005, p.13-16, p.20-25) and Xu (2000) . Notes: The real exchange rate is Chinese price level relative to that of the US (US=100) and the nominal exchange rate was a weighted average of the official rate and a parallel rate in its reform period (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) .
Source: Alan Heston, Robert Summers and Bettina Aten, Penn World Figure 1 shows the concrete changes for the real and nominal exchange rates of the RMB. From 1952 to 1977, the real exchange rate depreciated generally from about 90 to 63, which means that the Chinese price level decreased generally from about 90% of that of the US to 63%. The nominal exchange rate in this period appreciated slightly from 2.5 yuan per US dollar in 1952-1971 to about 2.0 yuan per US dollar in 1972 -1977 . From 1978 to 1985 , the real exchange rate depreciated greatly from 67% of the US level to 32%, and the nominal exchange rate depreciated generally from about 1.7 yuan per US dollar to 2.9 yuan per US dollar. From 1986 to 1994, the real exchange rate depreciated generally from about 30% of the US level to 20%, while the nominal exchange rate depreciated greatly from 3.5 yuan per US dollar to 8.6 yuan per US dollar. From 1995 to 2004, both the real and nominal exchange rates showed little change; the real exchange rate kept at about 25% of the US level, and the nominal exchange rate kept at the level of 8.3 yuan per US dollar.
When combining the two sub-periods, 1978-1985 and 1986-1994 , we can reach the following conclusions. The RMB, both in real and nominal terms, was priced (relative to the US) very high in the period of Chinese isolation ; it depreciated greatly with the exchange rate reform in the period of Chinese reform and openness (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) ; and it was priced very low and changed little from 1995 to 2004 in the period of the fixed exchange rate system.
The derived result is compared with Chinese economic fact
Though a short-term and small-degree deprecation may not mean that a currency is undervalued, a long-term and high-degree deprecation should be interpreted as a tendency that the currency will change from its original state of being overvalued to being undervalued, or its original degree of undervaluation (overvaluation) will decrease (increase). Whether a result for RMB misalignment is consistent with Chinese economic fact is decided by this criterion, or from this view. Though the real exchange rates used by the economists (Zhang, 2001; Funke and Rahn, 2005; Goh and Kim, 2006; Wang, et al., 2007) are not consistent each other and are not completely same as those we use here, their meanings are generally the same. That is, the real exchange rates are mainly used to measure the RMB's price level differences in different time periods. Therefore the comparison can be made.
If we think that a result for a currency's misalignment may not be precious at each observation and its values at all observations in a period should be treated together, then some results are consistent with economic fact.
7 For example, Zhang (2001, p.90-91) concludes that the real exchange rate of the RMB was overvalued in most years from 1957 to 1977 when it was priced high to be about 60%-90% of the US level, and that it was undervalued (in 12 years) or close to equilibrium (in 4 years) in most years out of the total 20 years from 1978 to 1997 when it depreciated to be mostly 20%-50% of the US level. Other consistent examples can be found in our simulation work in Section 4.2 (Table 3) . In Cases 1, 2, and 3, the real exchange rate was consistently overvalued from 1962 to 1983 when it was priced high to be about 45%-90% of the US level, and was consistently undervalued from 1984 to 1994 when it depreciated to be 20%-40% of the US level. Similarly, in Cases 4 and 5, the real exchange rate was almost always overvalued from 1962 to 1984, and was almost always undervalued from 1985 to 1994. But inconsistent examples do exist. For example, according to Wang et al. (2007, p.425 , figures 1 and 2), the real exchange rate was always undervalued or near equilibrium from 1986 to 1995 when it was 20%-31% of the US level, but always overvalued from 1996 to 2001 when it was about 25% (roughly the middle value between 20% and 31%) of the US level. Another inconsistent example can be found in our simulation work in Section 4.2. In Case 7 of Table 3 , the real exchange rate was consistently undervalued or near equilibrium from 1967 to 1976 when it was priced high to be 63%-85% of the US level, but was consistently overvalued from 1977 to 1985 when it depreciated to be 32%-68% of the US level. If, on the other hand, we think that a result for a currency's misalignment should be precious at each observation and that its value at each observation can be treated separately, then the same conclusion just obtained from the last paragraph can be obtained again. That is, there are still some results that are consistent with economic fact and some other results that are not consistent with economic fact. The consistent examples can be also found in our simulation work in Section 4.2 (Table 3) . In Cases 1, 2, and 3, the real exchange rate of the RMB was overvalued at each observation from 1962 to 1983 when it was priced high (relative to that of the US), and it was undervalued at each observation from 1984 to 1994 when it was priced low. A similar conclusion can also be found in Case 4. The inconsistent examples can be found in the results obtained by relevant economists (see Table 2 in Section 3.2), because Zhang (2001), Goh and Kim (2006) , Wang et al. (2007) all conclude that the real exchange rate was undervalued in some years from 1978 to 1980 when it was highly priced to be about 67% of the US level, and was overvalued in some years from 1995 to 2001 when it depreciated to be about only 25% of the US level. Concretely, Zhang (2001) concludes that the real exchange rate was undervalued from 1978 to 1980 and much overvalued in 1996; Goh and Kim (2006) conclude that the real exchange rate was undervalued in 1978 and 1979 and overvalued in 1997 and 1998 and Wang et al. (2007) conclude that the real exchange rate was undervalued in 1980 and overvalued from 1996 to 2001.
In summary, whichever of the two criteria is used, it seems clear that, for China at least, some results derived from the BEER model are consistent with economic fact, but others are not.
Possible explanation
From the above sections we know that the results derived from BEER models are not sufficiently satisfying: only some of the results are consistent with economic fact. In other words, it seems to be occasional that a result derived from a BEER model is consistent with economic fact. Why? We conjecture that the inconsistency is, partly or mainly, caused by the unclear relationship between the Chinese exchange rate and its economic fundamentals. From Section 5.1 it can be known that China mainly adopted a fixed exchange rate from 1952 to 2004, because the nominal exchange rate changed little in most of the period (1952-1977 and 1995-2004) ; it only changed obviously in reform years (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) . Under a fixed exchange rate, the nominal exchange rate, which was fixed and managed by the government, was not affected much by the economic fundamentals; only the price level was affected by the economic fundamentals. As the real exchange rate is made up of the nominal exchange rate and the ratio of the price level between China and the US, and in this equation only the Chinese price level is affected by the economic fundamentals, the real exchange rate, as a whole, may not be obviously affected by the economic fundamentals.
The simple Granger causality tests can, to some extent, prove the not-obvious relationship between the Chinese real exchange rate and its economic fundamentals. The Granger causality between the real exchange rate and its economic fundamentals is listed in Table 4 , in which all the variables used are the same as those used in our simulation work in Section 4. It can be seen that, in levels, none of the five economic fundamentals (LNGDPP, LNFINVEST, LNGCON, LNOPEN, and LNTOT) Granger-cause the real exchange rate, while the real exchange rate does Granger-cause the economic fundamentals, with the LNGDPP and LNTOT at about the 0.10 significance level and the other three fundamentals at the 0.05 significance level. Considering all of the variables to be I (1) and not stationary (see the Appendix A), we also test the causality among them in their first differences in Table 4 . In first differences, it can be seen that neither do the economic fundamentals Granger-cause the real exchange rate, nor does the real exchange rate Granger-cause its economic fundamentals. Therefore the weak economic relationship between the Chinese real exchange rate and its economic fundamentals is roughly confirmed. Table 4 The Granger causality tests for the real exchange rate and its economic fundamentals
Null Hypothesis
In levels In first differences The above discussion can be extended. In theory, the BEER model is more properly used with a flexible exchange rate, in which both the nominal exchange rate and the country's price level (two components of the real exchange rate) are affected by the economic fundamentals. Comparably, it is not suitable for use with a fixed exchange rate, in which the nominal exchange rate is determined by the government and only the country's price level is affected by the economic fundamentals. In this view, it is not recommended that the BEER model be used to assess the valuation of the RMB.
Some faults unavoidable in using the BEER model
The BEER model has some advantages which lead to its broad usage. For example, its model construction is simple, it can easily use modern econometric methods, and it can combine relevant economic theory and empirical study to choose economic fundamentals expediently. But it does have some major faults, which cannot be avoided by the model itself. These four main faults are examined next, one by one.
The appearance in turn of over-and undervaluation
We discuss the current misalignment from a classical BEER model first. From Equation (2) we can see that a currency's current misalignment, cm t (" t t ' T ε τ + "as a whole), is the difference between the actual real exchange rate and its fitted value, and therefore is the residual from Equation (1). The residual from Equation (1) must be stationary if the cointegration relationship between real exchange rate (q t ) and its economic fundamentals (Z 1t and Z 2t ) holds. The stationary residual means that its negative and positive values lie on two sides around the zero line. In other words, the residual line must cross the zero line once or many times. As a result, positive and negative values must appear in turn. Figure 2 shows such a residual that is derived from our econometric work in Section 4.2 for this use. This property means that the analyzed currency must be over-and undervalued in turn in the whole sample period, no matter what the actual real exchange rate is in the sample period. Furthermore, we cannot obtain a result such that the RMB is all undervalued (or all overvalued) in a whole sample period. The appearance of this phenomenon in the current misalignment from the classical BEER model can be found in Zhang (2001, p.90 , figure 1 ), Funke and Rahn (2005, p.481-483, figures 6 and 7) , and Goh and Kim (2006, p.124-125 , figures 1 and 2). It is necessary to examine possible economic explanations for this phenomenon. In our opinion, there is perhaps no reasonable economic explanation for it at all. Notably, there is no such prior information in the international price level difference model or in the PPP approach, both of which will be discussed in Section 7.
Strictly speaking, it is not sure that the over-and undervaluation must also appear in turn in the total misalignment from a classical BEER model. The reason is that, according to the definition in Equation (3), a filter procedure for the economic fundamentals is used in the total misalignment (tm t ), which causes the total misalignment to be different from the current misalignment and to no longer be the residual from Equation (1). Though over-and undervaluation phenomenon may not appear in the total misalignment, it perhaps often appears because the filtered values (for the economic fundamentals) are roughly equal to the actual ones. In Funke and Rahn (2005, p.484-485, figures 8 and 9 ) and in Wang et al. (2007, p.425 , figures 1 and 2), who both calculate the RMB's total misalignment, we do indeed find the appearance of over-and undervaluation in turn.
Although in the result of the generalized BEER model by Wang (2004, p.24, figure 4 .5) we also find the over-and undervaluation phenomenon, the misalignment from the generalized model is not completely similar to that from the classical model. When the economic fundamentals and exchange rate are cointegrating in a generalized BEER model, the (current or total) misalignment is the same as that in a classical model even though a nonstationary time-series method is not used. In this case the appearance in turn of over-and undervaluation can still occur in the current misalignment. But in the case that the economic fundamentals and exchange rate are not cointegrating, the current misalignment may be nonstationary and therefore it is not known if the over-and undervaluation phenomenon appears.
In summary, the phenomenon of in-turn over-and undervaluation must appear in the current misalignment from a classical BEER model, while it may or may not appear in the total misalignment from a classical BEER model and in the misalignment from a generalized BEER model, though it indeed often does.
The unstable equilibrium relationship
In a BEER model, the equilibrium relationship (the fitted equation) between an actual exchange rate and its economic fundamentals is of primary importance, because the equilibrium exchange rate is obtained from it. But the equilibrium relationship is unstable, which may lead to an unstable and unreliable equilibrium exchange rate.
First, different econometric component (explanatory variable, observation, and parameter estimation method) choices often lead to different equilibrium relationships and therefore different equilibrium exchange rates (see Section 4). For example, in Zhang (2001) , the equilibrium relationship and equilibrium exchange rate are decided by four economic fundamentals (investment, government consumption, terms of trade, and degree of openness), a long period from 1952 to 1997, and the Johansen cointegrating parameter estimation; in Funke and Rahn (2005) , they are decided by two economic fundamentals (productivity levels and net foreign asset position), a period from the first quarter of 1985 to the fourth quarter of 2002, and the Johansen cointegrating parameter estimation; while in Goh and Kim (2006) , they are decided by six economic fundamentals (government expenditure, the rate of gross fixed capital formation to GDP, terms of trade, capital controls, technological progress, and macroeconomic policies), a period from 1978 to 2002, and the Engle-Granger cointegrating parameter estimation. For the various equilibrium relationships and equilibrium exchange rates, we cannot tell which method is better. Since each BEER model may produce such a different equilibrium relationship and equilibrium exchange rate, the equilibrium exchange rate derived is very uncertain.
Second, when used in a developing country like China, the equilibrium relationship between the exchange rate and its economic fundamentals may often change because the economic structure is quickly changing. So an equilibrium relationship that existed in the past may be very different from one that will exist in the future, and the adjustment mechanism cannot play a role. Furthermore, the misalignment obtained by using past data may not be indicative of the currency's future change, and the goal of using the past misalignment to guide the future adjustment of the exchange rate cannot be realized.
The single-country, time-series analysis method and the theoretic basis
Two other faults are the single-country, time-series analysis method and the theoretic basis, both of which are characteristics of the model and have been analyzed in Section 2.3.
As we know, a traditionally defined exchange rate, the nominal exchange rate or the real exchange rate, is mainly an international comparison concept. 8 Assessing a currency's valuation implies that we want to know whether an exchange rate is priced lower or higher compared with other countries. From this view, the information of other countries relative to the analyzed country must be considered in the model when the model is used to assess a currency's valuation. Because it uses a single-country, time-series analysis method, the BEER model decides whether a currency has equilibrium or not by using data from only one country through a comparison at different times; the equilibrium exchange rate is decided only by the country's economic state, and no information about other countries is considered. Thus, the single-country, time-series dimension of the BEER model seems to be less reasonable than the many-countries, cross-sectional data dimension of the model that is used by Frankel (2005) and by Chang and Shao (2004) (see Section 7). It is easily seen that lack of a direct theoretical basis is another fault of the BEER model. It has been concluded in Section 2.3 that the BEER model has no direct basis in theory, besides the indirect theoretical basis for the choice of economic fundamentals. In contrast, the PPP approach and the model that is used by Frankel (2005) and by Chang and Shao (2004) have direct theoretical basis.
Should we give up the BEER model and rely on some other model or models, given so many faults in it? We have discussed this issue in another relevant paper.
Conclusion
In this paper, the BEER model used in a time-series setting is investigated, via its application to valuation of the Chinese renminbi. The main conclusions are as follows.
Following Égert et al. (2006) and Clark and MacDonald (1998) , we classify the BEER model into classical and generalized versions. The classical BEER model is the model that uses a set of economic fundamentals to calculate equilibrium real or nominal exchange rate, in which a single equation, unit root, and cointegration analysis method is used. Most BEER models used in the field of the RMB's valuation are classified as this kind of model. In the generalized BEER model, any time-series analysis method can be used; it is not confined to the use of the unit root and cointegration analysis. Based on these definitions, the extended relative PPP approach (Wang, 2004) , the permanent equilibrium exchange rate (PEER) model (Clark and MacDonald, 2004; Funke and Rahn, 2005) , and the Edwards-type model (Goh and Kim, 2006) can all be united as the BEER model. The misalignment results derived by different BEER models are shown to be very different, which is proven to be caused by different econometric component choices. Our simulation for the classical BEER model, which is different from that by Dunaway et al. (2006) , shows that different explanatory variables, observations, and parameter estimation methods may lead to different equilibrium exchange rates.
For the various misalignment results derived from different BEER models, consistency with Chinese economic fact is analyzed. It is shown that some of the misalignment results are consistent with Chinese exchange rate changes, but others are not consistent. This may be, partly or mainly, caused by the unclear relationship between the Chinese exchange rate and its economic fundamentals, which is confirmed by a simple Granger causality test. The fixed exchange rate that China adopted in most sample years may be a deeper cause for this. Furthermore, the BEER model is more properly used in a flexible exchange rate than in a fixed exchange rate; therefore, it is not recommended that the BEER model be used to assess the RMB's valuation.
Finally, there are four main faults that are unavoidable with the BEER model. One is the appearance in turn of over-and undervaluation in the whole sample period. This inevitably happens in the current misalignment from a classical BEER model because of the stationary residual, and often (though not inevitably) happens in the total misalignment from a classical BEER model and in the misalignment from a generalized BEER model. The second fault is the unstable equilibrium relationship (between actual exchange rate and its economic fundamentals) and therefore the unstable equilibrium exchange rate, which may be caused by different econometric component choices and the quickly changing economic structure of a developing country such as China. The third fault is the single-country, time-series analysis method, in which the international comparison dimension demanded by the traditionally defined exchange rate cannot be embodied. The fourth is that the BEER model has no direct theoretical basis besides the indirect basis for its choice of economic fundamentals.
Appendix A. Some econometric proofs
In this appendix, some representative econometric proofs are presented, which are omitted in the text. Other econometric proofs can be obtained by the same method. Engle and Yoo (1987, p. 158) .
